Although vehicular trauma traditionally has accounted for the majority of spinal cord injuries, gunshot wounds are the second most common cause. Furthermore, the proportion of spinal cord injuries caused by gunshot wounds are increasing although the proportion of injuries caused by high-speed vehicular trauma is decreasing. Gunshot wounds to the spine commonly are thought to be stable injuries. There is, however, a potential for instability if the bullet passes transversely through the spinal canal and fractures pedicles and facets. Injuries to the thoracic region of the spine are the most common, followed by the thoracolumbar area and the cervical spine. Completeness of injury is related to the anatomic region. Patients with incomplete injuries and patients with injuries in the thoracolumbar region have the greatest improvement in motor function. Approximately 1 ⁄4 of individuals are able to ambulate 1 year after injury. Surgical decompression of bullets from the spinal canal has been shown to improve neurologic recovery below the T12 level. Improvement of neu-rologic recovery after bullet removal has not been shown in other regions of the spine. Rare instances of late neurologic decline because of retained bullet fragments have been documented.
Traditionally, the majority of spinal cord injuries have been caused by high-speed vehicular trauma. Although motor vehicle accidents have accounted for 35% of spinal cord injuries since 1990, the second most common etiology is violence (30%). 18 Additionally, the proportion of injuries caused by violence has been increasing whereas the proportion of injuries caused by vehicular trauma has decreased. Penetrating trauma is the most common type of violence resulting in spinal cord injury.
In urban areas, penetrating wounds account for a larger proportion of all spinal cord injuries than in rural areas. Furthermore, ethnic minorities seem to be at higher risk for sustaining spinal cord injury caused by a gunshot wound. In a prospective series based in the Los Angeles area, only 4% of those who sustained a gunshot wound resulting in a spinal cord injury were white, 47% were black, and 45% were Hispanic, with 4% accounting for miscellaneous ethnicities. 30 When considering penetrating trauma the two major types are stab wounds and gunshot wounds. The majority of penetrating injuries, however, are gunshot wounds with stab wounds accounting for less than 1% of injuries. 18 For a stab wound to cause a spinal cord injury, the penetrating tip of the instrument must violate the spinal canal. This is not true with a gunshot wound where concussive effects of the bullet can cause enough trauma to the spinal cord to cause spinal cord injury even when the spinal canal has not been penetrated. In most cases, however, the bullet has passed through the spinal canal and in approximately 1 ⁄ 3 of spinal injuries caused by a gunshot wound, the bullet (or a fragment thereof ) is retained within the canal. 30
Ballistics
The wounding potential of gunshot injuries depends on certain bullet characteristics such as composition, design, size, and velocity. Bullet caliber refers to the diameter of the bullet, which is measured in hundredths of an inch. The most common bullets in injuries in civilians are 22 to 45 caliber. Bullets can be pointed, rounded, flat, or hollow. The more pointed the bullet's nose, the greater the ability to overcome air resistance (ballistic coefficient). 8 Hollow or dimpled bullets will flatten on impact resulting in rapid deceleration and an increased likelihood that the bullet will not pass through the target. Bullets traditionally are composed of lead alloy. However, lead has a low melting point and tends to deform in the barrel when accelerated faster than 2000 feet per second. Copper, cupronickel, or soft steel jackets are used to limit expansion of the lead and increase tissue penetration. 7 The wounding potential of the bullet depends on the kinetic energy of the projectile. Kinetic energy can be calculated by the following formula:
where m ϭ the mass of the bullet and v ϭ velocity. 7, 8 Therefore, increasing the velocity of the bullet has a greater impact on the kinetic energy than a similar increase in the mass of the bullet.
Gunshot injuries damage tissues by three mechanisms: (1) direct or crush injury; (2) shock waves; and (3) temporary cavitation. 5, 7, 11, 23 Low-velocity injuries (muzzle velocity Ͻ 1000 feet/second) primarily involve the crush mechanism. As a bullet passes through tissue, it expands and the zone of crush injury widens. Entry wounds are dependent on the bullet size, velocity, distance from which it is fired, and the characteristics of the tissue that is penetrated. Small entry wounds can mask extensive underlying tissue damage. This especially is true with hollow point bullets, expanding bullets, small high-velocity bullets, and close range shotgun injuries.
The tissue compressed when a projectile strikes tissue moves away as a shockwave. Shockwaves are transmitted at high velocities and can be reflected in a manner similar to sound waves. For missiles with velocities greater than 500 feet per second, these pressure pulsations become significant especially in air-containing viscera. Temporary cavitation becomes an important injury mechanism at muzzle velocities greater than 1000 feet per second. In this mechanism, the bullet accelerates tissue in front of and to the sides of the bullet tract. The tissues continue to accelerate because of inertia, thereby forming the temporary cavity. The temporary cavity can be as much as 30 times larger than the bullet diameter. 2, 5, 11 A permanent cavity and a zone of bruising remain after the temporary cavity collapses. The region of bruising will become necrotic and need debridement.
Spinal Stability
It commonly is thought that gunshot wounds to the spine are stable injuries. 16 In the lumbar spine, however, if the bullet passes transversely, fracturing pedicles or facets, there is a potential for acute and chronic spinal instability. 32 Spinal instability has not been observed when one pedicle and facet remain intact. Therefore, a careful radiographic evaluation is necessary to determine spinal stability. If stability is questionable, flexion and extension views or computed tomography (CT) scans may be necessary. If spinal instability is documented, early operative stabilization by posterior spinal fusion with short segment fixation is Number 408 March, 2003 Gunshot Wounds to the Spine recommended. This allows early mobilization of the patient and facilitates rehabilitation.
Patterns of Neurologic Injury and Recovery After Spinal Gunshot Wounds
The American Spinal Injury Association Standards for Neurological and Functional Classification of Spinal Cord Injury are used to document neurologic deficit in spinal cord injury. 3 The American Spinal Injury Association Motor Score consists of manual muscle testing of 10 key muscles representing neural segments between C5 and T1 and between L2 and S1. Each muscle is graded on a 0 to 5-point scale so that an individual with no motor deficit has an American Spinal Injury Association Motor Score of 100 points. In the upper extremities, the key muscles are elbow flexors (C5), wrist extensors (C6), elbow extensors (C7), finger flexors to the middle finger (C8), and the small finger abductor (T1). In the lower extremities, the key muscles representing consecutive neural segments are the hip flexors (L2), knee extensors (L3), ankle dorsiflexors (L4), long toe extensors (L5), and plantar flexors (S1). Sensation is assessed by testing pin prick discrimination and light touch in 28 dermatomes bilaterally. Sensory function is tested on a three-point scale (0 ϭ absent, 1 ϭ impaired, 2 ϭ intact). In an individual with intact sensory function, the sensory scores would be 112 points each for pin prick and light touch. The neurologic level of injury refers to the most caudal spinal segment with normal motor and sensory function bilaterally. A spinal level is considered normal if the muscle strength is at least a Grade 3 with all rostral muscles having strength of at least Grade 4.
Completeness of injury is determined using the sacral sparing definition of completeness. Patients with complete injuries lack motor and sensory function in the caudal sacral segments whereas patients with incomplete injuries have some preservation of motor and/or sensory function in the lower sacral segments.
In a study of 135 individuals with spinal cord injury caused by a gunshot wound the pattern and extent of neurologic deficit and the pattern of bullet injury were documented. 30 Injuries to the thoracic spine were the most common (51.8%) followed by injuries to the thoracolumbar region (28.9%), and injuries to the cervical region (19.3%). Completeness of injury was related to the anatomic region. Of individuals with injuries to the thoracic spine, 70% sustained complete injuries. In the cervical region, 57.7% of patients had complete injuries whereas in the thoracolumbar region only 33% of patients sustained complete injuries. More than twice as many patients are shot from the back as from the front (40% and 19%, respectively).
Radiographic analysis revealed that in 30% of cases the bullet entered and remained within the spinal canal, in 40% of cases the bullet passed through the spinal canal, and in 30% of cases the bullet did not enter the canal. In most cases, when the bullet has not entered the spinal canal, evidence of transpedicle or laminar fractures are present. The path of the bullet is related to the completeness of spinal cord injury. Complete spinal cord injury is seen in 70% of all cases where the bullet has passed through the canal. In all other gunshot wound cases, 50% result in complete injuries.
Among individuals with complete spinal cord injury, 2 ⁄ 3 have no change in neurologic level at annual followups. Approximately 25% of these individuals have a one level improvement in neurologic level at followup.
Among individuals with incomplete spinal cord injuries, there is no change in neurologic level 1 year after injury. In the remaining patients, recovery can vary from a one level improvement to full recovery.
When assessing neurologic recovery by the American Spinal Injury Association Motor Score, there are significant differences between initial and annual examinations. Individuals with cervical injuries have the greatest improvement (17.8 Ϯ 13.8) followed by individuals with thoracolumbar injuries (10.8 Ϯ 9.5) with individuals with thoracic injuries having the least change (4.8 Ϯ 7.7). As expected, individuals with complete injuries have Twenty-four percent of individuals were able to ambulate at the 1-year followup. Individuals with incomplete injuries were more likely to ambulate. Eighty-two percent of patients with incomplete paraplegia and 73% of patients with incomplete tetraplegia were able to ambulate whereas only 6% of patients with complete paraplegia ambulated. No individuals with complete tetraplegia were able to ambulate.
Indications for Surgery
Although surgical decompression of bullets from the spinal canal enhances neurologic recovery below the level of T12, this has not been shown to be true in other regions of the spine. Waters and associates 30 attribute differences in the regional anatomy of the spinal cord and the greater susceptibility of the cord to injury (compared with spinal nerve roots). Simpson and colleagues 24 found no enhancement of neurologic recovery after surgery for patients with penetrating wounds of the spine but they reported increased complications (meningitis, cerebral spinal fluid leakage, wound infection) among patients who had surgery. Aarabi and colleagues 1 reported similar findings (no enhancement of recovery but an increase in complications). Some authors favor bullet removal only under certain conditions, most notably, neurologic decline. 15, 17, 26, 28 
Complications

Neurologic Decline
In the current authors' experience with more than 1000 cases of gunshot wounds, no cases of neurologic decline have been observed. Rare instances of late neurologic decline caused by retained bullet fragments have, however, been reported. The delay from injury to onset of symptoms ranged to as many as 15 years. 4, 12, 13, 25, 31 Symptoms varied and included low back pain, cauda equina symp-toms, and radiating pain. Late onset neurologic decline also has been attributed to fibrous reactive tissue in response to retained bullet fragments. 31 Excision of reactive tissue and/or bullet fragments usually alleviates symptoms.
Patients with retained bullet fragments should be monitored for neurologic decline, and removal of fragments and/or tissue should be done if neurologic decline is documented.
Infection
Prevention of infection often is cited as a rationale for bullet removal from the spine, especially in cases where the bullet has perforated the alimentary tract. 22 Roffi and associates 21 and Kihtir et al 14 reviewed antibiotic treatment in patients with perforations of the abdominal viscera and/or alimentary tract and spinal cord injury caused by gunshot wound. Both groups of investigators concluded that early removal of bullet fragments in gunshot wounds in civilians was not necessary to prevent infection. Roffi et al 21 concluded that a prophylactic broad spectrum antibiotic regimen administered intravenously for at least 7 days would prevent infection.
Lead Toxicity
Lead toxicity from bullets lodged in the spine is rare. 9, 27 Bullets typically become encapsulated by poorly-vascularized fibrous tissue. 27 In the primary author's experience, bullets removed 3 to 4 weeks after injury have not been found to communicate with the cerebral spinal fluid.
Symptoms of lead poisoning (abdominal pain, anemia, headaches, memory loss, muscle weakness) may occur if the lead object is in communication with synovial fluid. 27 Medical treatment for lead intoxication before removal of the bullet leads to better clinical results. Chelation therapy is recommended for initial treatment in these cases. 10
Pain
Pain after spinal cord injury is a common problem but it seems to have a higher incidence after gunshot wound. 19 In the past, bul-let removal was recommended to relieve pain. Several studies have shown that pain is not affected by bullet removal. 19, 20, 29 Furthermore, bullet removal seems to be associated with a higher incidence of deafferentation pain, which can be more difficult to treat. 6
Rehabilitation
Optimal patient rehabilitation is achieved through a team approach. The rehabilitation team may include a physiatrist, a urologist, an orthopaedic surgeon, physical, occupational, and recreation therapists, nurses, social workers, and psychologists.
A physiatrist usually oversees the rehabilitation process and serves as the primary care physician. Physical therapists assist patients in attaining their optimal level of function through strengthening programs, training in body handling skills and when appropriate, ambulation skills, and wheelchair mobility. Occupational therapists emphasize training in activities of daily living such as grooming, hygiene, dressing, home and community skills, and driving. Recreational therapists provide therapeutic and adaptive activities to facilitate rehabilitation. Nursing staff provide routine nursing care and train patients in skin care procedures and urologic management.
Functional levels primarily are dependent on motor function. Sensory function, motivation, and training, however, also influence the level of function a patient can expect to attain.
Because motor function in a patient with an incomplete injury can vary even at the same neurologic level of injury it is not possible to predict function based on neurologic level of injury in patients with incomplete spinal cord injury. For patients with complete injuries, however, tables of expected levels of function have been developed (Table 1) .
Spinal cord injury caused by gunshot wounds is becoming more common, especially in urban areas. The majority of injuries result in complete paraplegia. Patients with thoracolumbar injuries and patients with incomplete injuries have the greatest recovery of motor function. Approximately 1 ⁄4 of patients with spinal cord injury caused by gunshot wounds will be ambulatory 1 year after injury. Bullet removal below the level of T12 has been shown to enhance neurologic recovery. 
